Abstract. In today's competitive environment, supply chain need to be of high speed and flexibility, i.e., agile. Agility has been proposed as a response to the high levels of complexity and uncertainty in modern markets. It is a business-wide capability that embraces organizational structures, information systems and logistics processes. This study employs the hierarchical fuzzy MCDM algorithm proposed by Karsak and Ahiska for the evaluation of agile suppliers. This algorithm is based on the proximity to the ideal solution concept and it can address the problems containing both crisp and fuzzy data. The application of the decision making method is illustrated through a case study conducted in a privet hospital and the results are analysed.
Introduction
Supply chain is composed of a complex sequence of processing stages, ranging from raw materials supplies, parts manufacturing, components and end-products assembling, to the delivery of end products. In the context of supply chain management, supplier selection decision is considered as one of the key issues faced by operations and purchasing managers to remain competitive.
Supplier selection and management can be applied to a variety of suppliers throughout a product's life cycle from initial raw material acquisition to end-of-life service providers. Thus, the breadth and diversity of suppliers make the process even more cumbersome. Supplier selection process has different phases such as problem definition, decision criteria formulation, pre-qualification of potential suppliers, and making a final choice. The quality of the final choice largely depends on the quality of all the steps involved in the selection process.
Recently, industries face significant changes especially in marketing competition, technological innovation, and customer demands. Situations and possibilities are varied and organizations are responsible for adapting themselves to this various cases. Moreover, the scarce sources are considered as an important restriction faced by the companies. Agility is essential to deal with these problems. The term agility can be defined as an ability to give quick responses to changes and unpredictable situations. It is considered as the bearer competitive advantage in today's business environment. Companies have to be aligned with suppliers, customers, and competitors within the supply chain. Also, they should work together to achieve a level of agility.
Supply chain agility is implemented in which the ordered innovative goods with small volumes of high margin in addition to short product life cycle through a complex global supply chain network. It is applied an equilibrium solution which copes with the complexity in a limited coordination and cooperation through the links in the network. The agility of supply chain might be measured as how well supply chain elements, suppliers, customers and competitors are coordinated and collaborated in the network enhance four pivotal objectives of agile manufacturing which are customer enrichment ahead of competitors, achieving mass customization at the cost of mass production, mastering change and uncertainty through routinely adaptable structures, and leveraging the impact of people across enterprises through information technology [1] .
This study aims to develop multi-criteria decision making approach for evaluating agile suppliers. Supplier evaluation process requires the consideration of multiple conflicting criteria, yielding in a multi-level hierarchical structure, incorporating vagueness and imprecision with the involvement of a group of experts. Fuzzy set theory is one of the effective tools to deal with uncertainty and vagueness in criteria values. The objective of this study is to propose a hierarchical fuzzy multi-criteria group decision making methodology for agile supplier evaluation.
In the literature, there are a few papers that evaluate agile suppliers. Wu et al. [2] proposed a two-stage approach, based on the application of analytic network process (ANP) and mixed integer multi-objective programming model, to solve the problem of partner selection in agile supply chains. Wu and Barnes [3] presented a four phase dynamic feedback model for supply partner selection in agile supply chains. Alminardi et al. [4] combined SWARA and VIKOR for supplier selection in an agile environment. Abdollahi et al. [5] integrated analytic network process (ANP) and data envelopment analysis (DEA), and DEMATEL method for evaluating suppliers considering lean and agile criteria. Lee et al. [6] employed fuzzy AHP and fuzzy TOPSIS to select suppliers. Beikkhakhian et al. [7] identified the criteria to evaluate agile suppliers and then they used fuzzy TOPSIS to rank alternative suppliers.
The rest of the paper is organized as follows. Section 2 analyzed the fuzzy decision making methodology employed in this study for the evaluation of agile suppliers. Section 3 presents the application of the proposed model. Finally, conclusions are provided in Section 4.
Hierarchical fuzzy MCDM approach
Real-world decision problems such as the supplier selection often involve the consideration of numerous performance attributes. When a large number of performance attributes are to be considered in the evaluation process, it may be preferred to structure them in a multi-level hierarchy in order to conduct a more effective analysis. In this study, the hierarchical distancebased fuzzy MCDM algorithm introduced by Karsak and Ahiska [8] is employed for evaluating agile suppliers. This MCDM algorithm is based on the proximity to the ideal solution concept and which can address the problems containing both crisp and fuzzy data. The origins of the proposed decision making procedure are found in the multi-criteria decision tool named TOPSIS [9] .
The proposed fuzzy MCDM approach can be described as follows:
Step 1. Construct the decision matrix that denotes the fuzzy assessments corresponding to qualitative subcriteria and the crisp values corresponding to quantitative sub-criteria for the considered alternatives.
Step 2. Normalize the crisp data to obtain unit-free and comparable sub-criteria values. The normalized values for crisp data regarding benefit-related as well as cost-related quantitative sub-criteria are calculated via a linear scale transformation as°°°°°°® Step 3. Aggregate the performance ratings of alternatives at the sub-criteria level to criteria level as follows:
where ij x represents the aggregate performance rating of alternative i with respect to criterion j, 1 jk w indicates the average importance weight assigned to sub-criterion k of criterion j, and is the fuzzy multiplication operator.
Step 4. Normalize the aggregate performance ratings at criteria level using a linear normalization procedure, which results in the best value to be equal to 1 and the worst one to be equal to 0, as follows: Step 7. Calculate the proximity of the alternatives to the ideal solution 
Case study
In order to illustrate the application of the proposed decision making method, a case study conducted in a private hospital on the Asian side of Istanbul is presented. Benefiting from the literature, management capability, manufacturing capability, collaboration capability, and agility, and their related sub-criteria are identified as the selection attributes as in Table 1 . Table 1 . Criteria and related sub-criteria. The expert used the linguistic variables given in Figure 1 to evaluate the importance of the criteria and sub-criteria, and also the ratings of alternatives with respect to various subjective criteria and sub-criteria. There are 4 suppliers who are in contact with the hospital. The evaluations are represented in Tables 2, 3 , and 4. Table 2 . Importance weights of criteria. Table 4 . Data related to agile supplier evaluation problem.
Main criteria Sub-criteria

Criteria Importance weight
Sub-criteria values are aggregated to criteria level using equation (2) , and are represented in Table 5 . Table 5 . Data related to agile supplier evaluation problem. 
The normalized values of these aggregate performance ratings are computed using equation (3) . The ideal and the anti-ideal solutions are defined as A * =((1,1,1), (1,1,1), (1,1,1), (1,1,1)) and A -=((0,0,0), (0,0,0), (0,0,0), (0,0,0)), respectively. The weighted distances from ideal and anti-ideal solutions and the proximity of the alternatives to the ideal solution are calculated employing Eqs. (4)- (6) . The results are shown in Table 6 . The rank order of the suppliers is S 1 ; S 4 ; S 2 ; S 3 . According to the results of the analysis, supplier 1 is determined as the most suitable supplier, which is followed by supplier 4. Supplier 3 is ranked at the bottom due to inadequate financial position, reputation, and R&D.
Conclusions
In this study, the hierarchical fuzzy MCDM algorithm proposed by Karsak and Ahiska [8] has been employed for the evaluation of agile suppliers. In classical MCDM methods, the ratings and the weights of the criteria are assumed to be known precisely. In general, crisp data are inadequate to model real-life situations. Besides having the capability of considering numerous attributes that are structured in a multi-level hierarchy, the proposed decision framework enables the decision-makers to use linguistic terms.
Considering the fact that an alternative with the shortest distance from the ideal alternative may not have the farthest distance from the anti-ideal, Karsak and Ahiska's decision algorithm takes into account the weighted distances from both the ideal and anti-ideal simultaneously.
FuUWKHUPRUH .DUVDN DQG $KÕVND ¶V approach does not require the use of fuzzy number ranking methods, which may yield different results according to the ranking method selected for application purposes.
Further researches might focus on the extensions of the proposed methodology by employing both subjective and objective weight assessments of the criteria and related sub-criteria.
